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Department of Biological Sciences

he following degree programs  biology, developmental biologytumor problems, or more course work), by

are available: Master of Science cell biology and applied and enviren transfer credit for approved graduate

in Biological Sciences; Master mental microbiology level biological sciences courses taken at

of Science in Biological other accredited institutions (12 credit
Sciences - Biotechnology Option; Doctor maximum), or by graduate courses taken
of Philosophy in Chemistry - I’;"RAOS&F'{A?AFS SCIENCE DEGREE in related disciplines within the
Biochemistry Option (through a joint The Master of Science in Biological university (e.g. chgmstr;epwro_nmen ;
program with the Department of Sciences and the Master of Scien%e i tal sciences, chemical engineering, radio
Chemistry- see description in Chemistry o~ =2 c &= O™ i technolo logical sciences; 8 credit maximum).
section). o9 { 9Y  There is no formal language requirement.

A Graduate Certificate in Option provide the advanced study and gy, qents whose professional goals are to

Biotechnology and Bioprocessing, training necessary to conduct independeppninue on for the Ph.D. degree, or who
offered by the Massachusetts Bioprocesgesemch at a professional level and 10 bey 3, 1o seek employment in academic or
Development Centeis administered Successful in today’competitive acade  jqystrial research laboratories as teehni

jointly by the Departments of Biological MiC and industrial research markets.  ¢ian or junior scientists are strongly e
: X Students in the program will be enceur 27
Sciences and Chemical and Nuclear prog

o advised to choose the thesis or project
Engineering (more information follows aged to explore quantitative approaches

o th luti £ orobl i the basi option in order to successfully compete
the degree program descriptions). aon q gpsrg)ligollok::o?ogi::oal g(r:?esr:ges.e aSIC  for such positions. Students in the non-

: . thesis option should endeavor to select

Research and Teaching Facilities Dépending on their career goals, students,rses with accompanying laboratories
The Departmental research and teachMay choose either research or course  henever possible.

ing instrumentation includes an array of Work options within the Department, or

centrifuges (ultraspeed, superspeed, from the |nterd|sg:|pllnary Biotechnology Thesis Option

microfuges), electrophoresis equipment OPtion. All" candidates for the master In choosing this option, the student

(prep and analytical for proteins and d_egree are expected to_demonstraté-suf concentrates on an in-depth, indepen

nucleic acids, sequencing, isoelectric ~ c¢ient knowledge and skills to pursue  dent, scholarly investigation of a contem

focusing, pulsed-field), PCR thermal i_ndependent and creative research activiporary biological problem. Credit is
cyclers, HPLC perfusion and other chro U€s. allowed for 6-12 semester hours of M.S.
matography equipment; U¥isible and Thesis ResearchAfter consulting with

fluorescence spectrophotometers, scintil Entrance Requirements and
Procedures

lation spectrometers, various microscopes
(transmission EM, fluorescence, inverted

the research advisahe student selects

X two additional faculty members (one of
Entering graduate student's are expectyhom must be from within the

phase), microinjection apparatus, flow gd Ito havle a sound pLepa'ratlon inthe  pepartment) to serve as members of the
cytometer Coulter counterspeed vac, '? og|]|ca sc(ljentc?_s,t c ;nllsérgh%/fslcs, 4 Thesis Committee.The student presents
electroporatgrmicrotiter plate reader ¢ c4!Us, and Stalstics student 1ound - 14 the Committee a proposal of intended
fermenters, laminaflow hoods, and deficient in any of these areas may be  rggearch and obtains the Commitsee’
numerous incubators, baths, and ovens '€auired, during the first yeato take —  555:60va) of the research topiédfter

for cell growth and temperature-con appropriate courses to eliminate the defi ;o 5ieting the written thesis, the student
trolled reactions The facilities include ~ Ci€ncies. If the student has not had a biogiyes an oral presentation of his resuits to

) i
dark rooms, X-ray facilitytemperature- ;:hemls(;ry ;:oursc(aj,_t%—S(ljg shct)uld tt)el takeE'LeThesis Committee.
controlled plant and animal cell culture or graduate credit.Ine departmenta

incubation chambers and walk-in rooms, Graduate Coordinator helps plan the  project Option _

and animal quarters. Labs andicgs entering studentgrograms of study ~ ~ The project option is designed for

have Internet access and extensive-com 2cuaints them with research opportuni independent laboratory investigations of a
puter facilities such as computerized  Ues in the department, and assists in - more limited nature than the thesis

image processing and microdensitometry>€/€Cting research  advisors. option. Generallya project is completed
Highly specialized equipment in the Degree Requirements in one or two semesters and credit is
Center forAdvanced Materials in the A minimum of 30 semester hours of 2/Ven for 3 or 6 semester hours of M.S.
Chemistry Department, such as transmis Project (no more than 6 credits will be

. d X I : graduate level work is required for the allowed)
sion and scanning electron microscopes,\1aster of Science degree in Biological

scanning tunneling-atomic force miero  giences The student has a choice of  Non-Thesis Option
scope, secondary ion mass spectrepho. ynree options: thesis, project, or non- This option ofers course work in
tometers, and X-ray diactometers, are  pegjs - Minimal core requirements for allpreadth and depth, and may be of special
available for faculty and student researckbptions include 2 semesters (4 credits) ofnterest to secondary school science
Faculty Research Interests Current Literature in Biology and 12 teachers and individuals already

The graduate faculty in the credits of formal course work selected  employed in academic, hospital, or indus
Department of Biological Sciences are 1o departmental electives (exclusive Oftria| laboratories.The non-thesis option
actively engaged in research in the fol  T1€SIS. Project, problems, or other difect may be completed during the day on a
lowing areas: biochemistrynolecular ed studies).The remaining 14 credits  full-time basis or in late-afternoon or
biology, cell biology immunology neure &Y. be satisfied by additional electives - evening sessions on a part-time basis.

' within the department (thesis, project, However since not all day courses are
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available in the evening sessions, a part- 81.576/578 Cell Culture (lecture reate degree in science, engineering,

time studens progress toward the M.S. and lab) health, or related disciplines. It may also
degree will depend not only on his/her 81.593/595 Immunology (lecture be attractive to a person currently
available time and abilities, but also on and lab) enrolled in a graduate degree program, as
the scheduling of electives. In some 81.706 Current Literature in well as to someone holding a masdar
instances, with the consent of a faculty Biology doctoral degree who wishes to add or
membey an evening student may elect . enhance his or her competency in
the thesis or project option. Recommended Electives- biotechnology and bioprocessing, but
Biotechnology Option does not wish to take another advanced
Professional Experience 81.535 Principles of Cell and  degree.The core sequence of courses
Credit (81-500, 3Cf) may be requested Microbe Cultivation ernphasizes bi0|ogica| and engineering
by individuals who present satisfactory 81.546 Isolation and princip|esy process Concepts and the
evidence (in the form of a written state Purification of Biotech  application of these to process design and
........ ment from their supervisor) of having at Products improvement. The lecture and laboratory
least one year of full-time experience in 81 555 Biopharmaceutical approach is supplemented by case studies
secondary school science teaching, or in GMP and Licensing and design projects that teach specific
an academic, hospital, or industrial labo  81.558 Industrial Microbiology principles. Individual courses deliberate
ratory Setting. 81.572/574 Virology Lecture and |y Cross discip|inary barriersThis allows
. . . Lab those with a background in the sciences
Current Literature in Biology 81.586 Biotechnology to gain facility with the engineering
Each student is required to complete 2 Processing Projects  approach to problem solving, and permits
semesters of Current Literature in Laboratory engineers to learn and apply biological
Biology. 81.733 M.S. Project in Biology principles. Concurrentjyparticipants
Courses from other Departments may|earn teamwork in a multidisciplinary
M.S. IN BIOLOGICAL SCIENCES - E? ?'e_CteldSW[th permclsi]S|_0n of the environment and practice a result-orient
BIOTECHNOLOGY OPTION ological sciences Lhairman or ed, document-driven approach tdi@ént

Graduate CoordinatoiThe sum of core  project completion.

This option is more structured than : e ;
and elective courses must total at least 30 The Certificate is composed of four

the M.S. in Biological Sciences program

described aboveThe core curriculum  Credits: core courses specified belowhe fourth
offers extensive hands-on experience in course may be chosen from a list of eligi
current techniques and instrumentation. FIVE YEAR B.S./M.S. PROGRAM  Ple options and the selection requires the
Field trips and seminarsfafd students Outstanding undgraduates may pur appr_o_val of the _program ?.dVISOI'

an opportunity for interaction with the  sue an accelerated five-year course of Certificate requirements involve comple
biotechnology industry Students are study leading to the B.S. and M.S. tion of the four courses with a 3.0 aver

encouraged to conduct research in one Qfegrees in Biological Sciences. See ~ 2J€ and no more than one course with a
the recognized areas of biotechnology ordescription at the front of this catalog for r2de of C.The four course program

to present an innovative application of  fyrther information. must be completed within a 5 year peri
technology or engineering principles to a od. The core courses areferfed at con
biological problem of economic interest. venient times in order to minimize con
The nature and extent of the investigatioPOCTOR OF PHILOSOPHY flict with regular work schedules.

will determine its degree credit value. = DEGREE PROGRAM ~ Applicants will be considered follow
Those who enter the program having ~ (PH.D IN CHEMISTRY- ing receipt of an application form avail
already completed some of the core BIOCHEMISTRY OPTION) able through the Graduate School.
courses, or who already have extensive ~ The Department of Biological Applicants not presently matriculated
laboratory experience, may consult with Sciences and the Department of must submit an ditial transcript demon

an advisor to design a course of study Chemistry have developed a program in strating completion of a bachelsr
appropriate to their need#& Variety of Biochemistry which results in the award degr_ee_ln_SCIEHCG, e_nglneerlng, or a relat
biotechnology-related electives are avail Of @ Ph.D. in ChemistryFor a full dis ~ ed discipline. There is no GRE or lan

able. cussion of program requirements please guage requirement.
see the section on Biochemistry under the The courses for the Certificate may be
Core Requirements Chemistry section of this catalog. used toward a graduate degree in either
Biotechnology Option Biological Sciences or Chemical and
81.519 Biochemistry | Nuclear Engineering subject to the
GRADUATE CERTIFICATE IN approval of the graduate coordinatér
81.520 Biochemistry II BIOTECHNOLOGY AND grade of B or better is required for use
. . BIOPROCESSING _ toward a graduate degree. Qualified stu
81.521 Techniques in This graduate certificate isfefed dents may thus count the four core ceurs
Biochemistry jointly by the Department of Biological ag5 toward both the Graduate Certificate

81.567/569 Recombinant DNA Sciences and the Department of Chemicgjyq g graduate degree.
Techniques (lecture and and Nuclear Engineeringlhe Certificate
lab) is aimed at students who hold a baccalau
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Department of Biological Sciences

Required Courses: min. comprehensive presentation on current and permission of instructdntroduction to
1. Principles of Cell and Microbe developments in an area of their choice-sub electron optics and electron microscopes.
Cultivation (81.535/10.535) ject to instructor approval. Prior courses in Preparation of biological samples for electron

biochemistry and cell biology are strongly ~ microscopy Operation of electron micro

2. Isolation and Purification of recommended as we will focus on advanced scopes. Project required of all students.

Biotech Products (81.545/10.545)

. A . aspects rather than basic. 81.567 Recombinant DNATechniques
3. Biotechnology Processing Projectsg) 542 Cell Biology (3-0)3 Prerequisite: (3-0)3 Prerequisites: Genetics, Biochemistry
Laboratory (81.586/10.586) Biochemistry Ultrastructure and biochemistry Co-requisite: 81-569 study of the principles
4. One course from the list beloar  of eukaryotic cells: cell membranes and and specialized techniques of cloning, purify
another with permission of the depart  organelles; engy capture and transduction; ing, and manipulating recombinant DNwol-
ments program advisor histochemical and biochemical studies of eculesA term paper or seminar may be
Approved courses: organelles at the optical and electron micro required.
81:542, 555, 558, 567/569, 572/574, Scopic level; cytogenetics; brief discussion of 81.569 Recombinant DNATechniques
576/578, 593/595 prokaryotic cells.A substantial library inves  Laboratory (1-4)2 Co-requisite: 81.567,
10:516, 518, 522, 528, 530, 555 tigation is required. permission of instructot.aboratory expefi

. S . 81.545 Isolation and Purification of Biotech ments and independent projects designed to g
Titles and Qescrlptlons of Sl—pref|x Products (3-0)3 This course examines the illustrate current techniques and instrumenta ﬂ

courses are listed belowFor titles and  efiicient isolation and purification of biologi  tion used in genetic engineering. Included ar

descriptions of 10-prefix courses see thecal products, especially proteins, from com  restriction digestion and mapping, cloning,

appropriate section of the Graduate plex natural mixtures. Material is presented plasmid purification, Southern blotting, PCR,
Catalog under Department of Chemical in a lecture and case-study format using and DNAsequencing. Students use various
and Nuclear Engineering. purification and formulation of specific bio  computer software programs for restriction

molecules. Students work in teams on desigmligest and DNAsequence manipulation and
.................................................................................. projects. analysis, and graphic presentation of recombi
COURSE 81.519 Principles of Biochemis | (3-0)3  nant constructs.

Prerequisite: Qranic Chemistry (Physical 81.572 Virology (3-0)3 Prerequisites:
DESCRIPTIONS Chemistry is recommended). Primarily for ~ Genetics and Biochemistr study of bacter
81.500 Pofessional Experiencd3-0)3 M.S. students in Biological Sciences. Lecturegal, animal, and plant viruses, including viral

Credits will be given to individuals who pre ~@nd text assignments on the subjects of pro structure, modes of replication, biochemistry
sent evidence of having at least one full year t€in, carbohydrate, lipid, enzyme and mem  of the infected cell, genetic properties, and
of experience in an academic, hospital, or ~ Prane biochemistry will be supplemented withviral oncogenesis. Emphasis is on virus-cell

industrial laboratory setting, or in secondary research journal readings. interaction at the molecular levél.term

school science teaching. 81-520 Principles of Biochemisty Il (3-0)3  paper or seminar is required.

81.501, 502 Selectetopics in Biology (3- Prerequisite: 81-519 or equivaleihis ~ 81.574Virology Laboratory (1-4)2 _

0)3, (3-0)3 Current topics in various fields of COUrs€ Is a continuation of 81-519 and WI'|| Experlments Wlth bacterial .and ammal viruses
biology presented in lecture, seminar dis include discussions on all aspects of amino include lytic virus propagation and titering,
cussion groups. Subject matter varies depena_c'd and nl_JcIelc acid metabolism and protelnbloc_hemlcal,_blop_hysmal, and genetlc analysis
ing on interests of instructors and needs of Piosynthesis. . _ of viral nucleic acids and proteins, and cell
students. May be repeated for credit when 81.921 Techniques in Biochemisty (1-4)2  culture techniques.

course content dérs. Recent éérings have Prerequisite/co-requisite: Biochemistry 81.576 Cell Cultue (2-0)2 Prerequisites:
included photobiology and photoreceptors, Required of M.S. students in the Genetics, Biochemistrymmunology

endocrinologyhormones and receptors, pro Biotechnology Option. Emphasis on common Co-requisite: 81-578. Lectures and readings
tein biochemistryindustrial cell culture, read techniques and instrumentation employed in on the biology and culture of animal and plant

ings in advanced pathophysiologind experi modemn research laboratories. cells in vitro, the specialized methodologies
mental hematology 81.555 Biopharmaceutical GMPand necessary for hybridoma technolpaynd the
81.535 Principles of Cell and Micobe Licensing (3-0)3 This course examines how biotechnological applications of each of these

Cultivation (3-0)3 An in-depth examination "drugs"”, "biologics" and "cellular therapies" areasA term paper or seminar is required.

is made of microbial and mammalian cell-cul &€ evaluated, manufactured and sold in the 81.578 Cell Cultue Laboratory (1-4)2
tivation and concomitant production of com United States. cGMP's, clinical trials, INDA, Co-requisite: 81-576A series of exercises
mercially important products. Systems stud NDA, ANDA, PLA, ELA, validation, Q.A., demonstrating the principles presented in 81-
ied include the use of recombinant and nenreQ-C-s interactions with FDAtaf and with 576. Techniques will include: media prepara
combinant microbes and mammalian cells to ComMpany product and process development, tion, standard culture procedures and hybrido
produce proteins, antibiotics, vaccines and regulatory afairs, drug metabolism, medical ma methodology '

other bioproducts having therapeutic, diagnosaffa'rs‘ and production are covered in a lectur81.580 Developmental Biology (3-0)3

tic, or other commercial significanc@opics ~ and project format. _ Prerequisites: Genetics, Biochemistry

run from initial choice of producer through 81.558 Indus_trlal Mlcroblolog_y (3-0)3 A study of'the genes, growth factors and
scaleup. Selected topics concerned with the use of  events which regulate the development of a
81.541 Advanced Topics in Cell Biology microoiganisms for the production of sub  fetus. The construction of the mammalian
(3-0)3 Prerequisite: Biochemistry stances of economic importancghe princi  embryo is examined, from fertilization to

A seminasformat course that examines ples and techniques of fermentation to-pro  birth. Lectures and original research papers
detailed aspects of various topics in cell bioloduce such products as amino acids, antibi  are used to learn about cell fate determination,
gy including cell signalling, signal transduc  ©ticS, vitamins, and ganic acids are cell-cell interactions during gan formation,

tion, cytoskeleton, protein interaction and addressed, with emphasis on metabolic regu and the molecular biology of developmental
modifications, cell division, and the extracel lation of biochemical pathways and genetics processes.

lular matrix. Introductory overview lectures of industrially important microganisms. 81.586 Biotechnology Ricessing Pojects
will be expanded on by critical examination 0f81.563 Electon Microscopy -Theory and Laboratory (2-3)3This laboratory course
recent publications. Students will give a 30 Practice (2-6)4 Prerequisites: Biochemistry examines bioprocessing, with emphasis on
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techniques for the cultivation of cells, reeov
ery and purification of cell products, biocatal
ysis, and analytical methods for the quantifi
cation of product yields.

81.593 Immunology (3-0)3 Prerequisites:
Microbiology, Genetics, BiochemistnA

study dealing with the nature of the immune
response with sections on antibody structure
function and production; antigen-antibody
reactions; immunogenetics; and immune regt
lation, protection and injury

81.595 Immunology Laboratoy (1-4)2

A series of basic laboratory exercises dealinc
with the preparation, isolation and characteri
zation of antigens, antibodies andéeefor

cells. Semester project required.

81.706 Curment Literatur e in Biology (2-

0)2 Participants are required to present 2
seminars per semester: a short talk on an
assigned journal article or topic, and a lecture
length presentation on an advanced topic or
their own original researci fully document
ed report must accompany the long seminar
Students are also graded on active participa
tion in discussions and will critique each
others presentations.M.S. students are
required to enroll twice for this course.
81.71,712 GraduateTopics in Biology (3-
0)3, (3-0)3 Prerequisite: Graduate students
only; permission of instructorSelected topics
and recent advances not covered in regular
courses. Content varies from year to year sc
that students maypy repeated enroliment,
acquire a broad knowledge of contemporary
biology.

81.721, 722, 723 Bblems in Biology (0-

3)1 to (0-9)3 Prerequisite: permission of
instructor Special research or laboratory-pro
jects, or extensive literature surveys, under
taken by the student to expand his/her knowl
edge in specific fields.

81.733,736 M.S. Riject in Biology (0-9)3

or (0-18)6 An independent laboratory project
which has been approved by a research-advi
sor as a suitable subject for a Ma'ser
Project.

81-743,746,749 M.SThesis (0-9)3 to (O-
27)9 An in-depth independent investigation
of a problem which has been approved by th
students research mentor as a suitable subje
for a Masters Thesis.

81.753,756,759 Ph.D. Disgation (0-9)3

to (0-27)9 Thesis research by Ph.D. students
who are in the joint Biochemistry Program
Option (between the Chemistry and
Biological Sciences Departments) and are
conducting research with faculty in
Biological Sciences.

UMass Lowell
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Professor; B.S., M.S., India Institute of
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University; M.S., lowa State University;
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Professor; B.S., Ph.D.,

University ofAkron.



